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We discuss the formation of dark compact objects in a dark matter environment in view of the
possible mass dependence of pulsars on the distribution of dark matter in the Galaxy. Our results
indicate that the pulsar masses should decrease going towards the center of the Milky Way due
to dark matter capture, thus becoming a probe for the existence and nature of dark matter. We
thus propose that the evolution of the pulsar mass in a dark matter rich environment can be used
to put constraints, when combined with future experiments, on the characteristics of our Galaxy
halo dark matter profile, on the dark matter particle mass and on the dark matter self-interaction
strength.
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1. Introduction
Dark matter (DM) is a key ingredient for models that try to explain cosmological structure for-
mation without modifying gravity. Although the gravitational effects of DM are well documented
[1, 2], direct detection of particles for this dominant matter component continues to elude proofs:
in accelerators or in nuclear recoil experiments [3, 4], indirect WIMP annihilation searches [5], in
DM stars [6, 7] or in some other indirect quests as illustrated in Refs. [8, 9, 10].
In this context, different testing avenues of possible DM effects are welcome, such as in pul-
sars, i.e. rotating neutron stars (NSs), which provide the advantage of extreme densities and can
accrete DM, thus straining the saturated neutron gas. The amount of DM acquired by a NS follows
the Tolman-Oppenheimer-Volkoff (TOV) equation , as in e.g. [11]. Moreover, the effect of DM on
NSs can directly lead to bounds for the masses of the different DM candidates [12, 13].
Self-annihilating DM can also produce characteristic effects on NS [14, 15, 16, 17, 18, 19,
20]. In particular, WIMPs annihilation in DM cores should produce temperature and luminosity
changes, through heat, of old stars [14, 15, 16, 18]. However, those changes are difficult to detect
[14, 21].
In this short report, based on the results obtained in our previous work [22] and on our re-
cent paper [24], we propose a testable galactic probe for DM existence in the form of evolution
of the pulsar mass towards the galactic centre (GC). According to the discussion above, NSs in
increasingly DM rich environments should accrete more DM and thus display a characteristic mass
decrease, the closer they are to the galactic centre. We use NSs because first of all the very large
baryon density inside NSs makes the interaction between baryons and DM following DM capture
most likely; second, the NSs strong gravitational force makes DM particles escape very unlikely,
after they interact and loose energy. This mass evolution is easier to test than other probes such as
NS temperature time evolution with DM accretion, as discussed previously.
2. Mass Change of Neutron Stars
As shown by Ref. [23], in the framework of a spherically symmetric accretion scenario for a
typical NS of mass 1.4M⊙ and R= 10 km, the total accreted mass is given by Ref. [24]
Macc = 1.3×10
43
(
ρdm
0.3GeV/cm3
)(
t
Gyr
)
f GeV, (2.1)
which is an underestimation of a factor ≃ 10, since the accretion during the NS progenitor phase,
of the same order as in the NS phase [16] (factor of 2), and the accretion coming from DM self-
interaction [25] are not taken into account. Moreover, Macc of Eq. (2.1) should be corrected by
factor 2.05 for 2M⊙
We obtain DM accretion ≃ 10−11M⊙ for a typical NS in the solar neighborhood, which is
in agreement with the capture rates of Refs [23, 25, 26, 27] and the results from [28], but below
the estimates from the DM accumulated using TOV. A better agreement between the accreted DM
mass and the accumulated DM mass coming from TOV is obtained for NSs located in Superdense
DM clumps, Ultra Compact mini-haloes [29], and close to the GC.
∗Speaker.
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Figure 1: Figures taken from Ref. [24]. (Left panel) Einasto profile for α = 0.06,0.09,0.11,0.15,0.17
(black dot dot dashed, blue dotted, red solid, yellow long dashed, and green dot dashed lines, respectively).
The cyan dashed line is the Di Cintio profile [31] (labelled DC14 in the text). (Right panel) The accretedmass
according to Kouvaris formula (Eq. (2.1)). In this plot we do not consider the accreted mass corresponding to
the Di Cinto profile, nor to the Einasto profile with α = 0.06, in order to be conservative in our calculations.
The another approach starts, as in usual structure formation, from linear perturbation, followed
by non-linear collapse of DM, and then continued by baryons collapse in the DM potential wells
previously formed [30].
Once the accreted DM mass, Macc, as a function of the distance to the GC is determined from
the right panel of Fig. 1, we can determine the corresponding mass change of the NS towards the
galactic center. In order to do so, we use Fig.10 of our previous work [22], where the maximum
mass of NSs was obtained as a function of the DM mass inside the NS, MDM, for the DM weakly
interacting case, y = 0.11. Moreover, we obtained similar plots for larger values of the interaction
parameter y, y= 1,10,100. SinceMDM must be equal to the accreted mass,Macc, we find a relation
between the total mass of the NS, MNS (MT in the notation of [22]) and the distance from the GC.
The result is plotted in Fig. 2. Its leftmost panel displays the change in mass of a NS moving
towards the Milky Way (MW) halo center (colour and line coding as in Fig. 1), for a particle mass,
mDM = 500 GeV, and y = 0.1. Our reference model (α = 0.11, red solid line) shows a NS mass
change from 2 to 1 M⊙ at 0.4 pc, while in the case α = 0.9 (blue dotted line) the same change is
observed at 1.35 pc. The other two cases show a slower mass change. The yellow long dashed line
(α = 0.15), and the green dot dashed line (α = 0.17) show that the mass reduces from 2 to 1.2M⊙,
and from 2 to 1.7 M⊙, at 10
3 pc, respectively. The next two panels show how the mass changes
with decreasing the DM particle mass (mDM = 200 GeV, centre left, 100 GeV, centre right). Finally
the rightmost plot shows the effect of the interaction strength for our reference profile (α = 0.11),
and from right to left, in the cases y = 0.1;1;10;10;100. Strong interaction (y = 100) produces
very small mass changes, while the weaker the interaction, the larger the change is.
1The interaction strength is expressed in terms of the ratio of the DM fermion mass m f , and scale of interaction mI ,
y = m f /mI . This can be converted to usual units: one can estimate the cross section of DM self-interaction, taking the
mass of the DM particle m f in units of GeV, as
σ =
1
4pi
m2f
m4I
=
y4
m2f
3.2×10−27cm2 → σ/m f =
y4
m3f
1.8×10−3
cm2
g
(2.2)
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Figure 2: Figures taken from Ref. [24]. The changes of the NS mass from DM accumulation as a function
of the NS distance to GC, for a particle mass mDM = 500 (leftmost), 200 (center left) and 100 (center right)
GeV, with y = 0.1 and α = 0.09;0.11;0.15;0.17 (blue dotted, red solid, yellow long dashed, and green dot
dashed). The rightmost panel shows the role of the interaction strength for particle mass mDM = 500 GeV,
α = 0.11, and y= 0.1,1,10,100 (solid, long dashed, dash dotted, and long dashed dotted lines).
All the above results are obtained with conservative assumptions, i.e. (a) not taking into ac-
count (i) NS progenitor accretion, expected of order of the NS phase [16], (ii) DM self-interaction
accretion [25], (b) using a density profile from DM-only simulations, shallower than in recent
hydrodynamic simulations [31].
As the right panel of Fig. 1 shows, we excluded from the analysis the α = 0.06 Einasto profile,
and even the DC14 profile [31], a realistic profile calculated with hydro-dynamical simulations, to
remain conservative. Although we made this choice, the orbital dynamics of PSR B1257+12 [32],
together with the accretion predictions [33] allows much larger DM accumulation in NS than in
our present work: up to 10% of a NS mass, in agreement with DC14 [31]. Moreover, complex
astrophysical phenomena are occurring on sub-parsec scale near the GC, such as DM particles
gravitational scattering by stars and capture in the supermassive BH, together with highly enhanced
central density from the supermassive BH formation [34]. Thus, more accurate density profiles can
be introduced [33].
3. Conclusion
We have shown that the NS mass should reflect the changes of the DM environment in the
MW(Fig. 2). This is done taking into account the DM accretion of NSs [see [22], for details], as
it changes because of the increase of DM content [23] when we move towards the GC [35]. This
allows us to propose that the evolution of the pulsar masses towards the GC of the MW can be a
probe of the existence of DM. In fact, the decrease of the NS mass for NSs located closer and closer
to the GC would put constraints on the characteristics of the Galaxy halo dark matter profile, on
the dark matter particle mass, and on the self-interaction strength. Such changes are expected to be
observed in the near future in telescopes such as ngVLA [36], SKA [37], Athena [38, 39], NICER
[40] or eXTP [41].
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